Background: Currently there are no universally accepted approaches for the prevention of recurrent Clostridium difficile infections (CDI) following the initial infection. Several studies have identified common risk factors for the emergence of recurrent CDI. Identifying patients at high risk for recurrent CDI through the assessment of risk factors at initial diagnosis could enable health care providers to optimize available treatment options. A vancomycin hydrochloride-tapered regimen may be an effective treatment option for the prevention of recurrent CDI following the initial infection. Methods: In this single-center, prospective study, we examined the efficacy of orally administered vancomycin-tapered regimens for the prevention of recurrent CDI in high-risk patients. Highrisk patients were identified using patient risk factors found in a retrospective chart review. The primary objective was to decrease hospital readmissions for recurrent CDI. The secondary objective was to improve the discharge coordination-of-care process by providing a pharmacy benefits evaluation, which ensured vancomycin affordability and assistance in prescription attainment, and discharge counseling. Results: Of the 83 patients enrolled in the study, 5 experienced recurrent CDI (6%). Memorial Health Care System's (Chattanooga, Tennessee) historical recurrent CDI rate was 8.2%. Thirtyone of the 83 patients received a vancomycin-tapered regimen following their initial infection (37%). A pharmacy benefits evaluation was performed on 35 of the 57 patients who were discharged home on vancomycin (61%). Conclusions: Vancomycin-tapered regimens may provide a cost-effective method for the prevention of recurrent CDI following an initial infection in patients at high risk for recurrence.
C lostridium difficile is the leading cause of hospital-acquired infectious diarrhea. 1 C. difficile is a spore-forming, gram-positive anaerobic bacilli capable of producing toxins, which are the primary virulence factors that cause the clinical manifestations of infection. Toxins bind to receptors in the intestine, which trigger an inflammatory response and diarrhea. The clinical manifestations of infection can range from symptomless colonization to mild, moderate, or severe diarrhea and pseudomembranous colitis. 2 The current treatment recommendations issued by the Society for Healthcare Epidemiology of America/Infectious Diseases Society of America (SHEA/IDSA) and the American College of Gastroenterology (ACG) are similar. For a mild or moderate initial episode, the recommended treatment is metronidazole 500 mg by mouth 3 times per day for 10 to 14 days. 2, 3 For a severe initial episode, the recommended treatment is vancomycin 125 mg by mouth 4 times per day for 10 to 14 days. 2, 3 For the treatment of a first recurrence, it is recommended to repeat the treatment that was given for the initial episode. 2, 3 For subsequent recurrent infections, the primary treatment should consist of the use of a vancomycin-tapered and/or pulsed regimen. 2, 3 Fecal microbiota transfer (FMT) is a novel therapy that may be considered in patients with multiple recurrent infections that have not responded to therapy. 3 One of the most troublesome aspects of C. difficile infection (CDI) is the proclivity of recurrence. 4 Published literature cite recurrence rates of approximately 20% following the initial diagnosis of CDI and suggest that the recurrence rate is greater than 45% for patients who have had one recurrence. 5, 6 Recurrent CDI is much more difficult to treat and causes significant morbidity and mortality. 5 In addition, recurrent CDI increases the economic burden of health care expenditure. Recurrent CDI most commonly occurs within the first week following cessation of treatment for the original episode but can occur for up to 8 weeks. 1, 5 Recurrent CDI can be due to either relapse with the original infecting strain or re-infection with a new strain. 4 The Centers for Disease Control and Prevention Ad Hoc Clostridium difficile Surveillance Working Group defines recurrent CDI as episodes that occur 2 to 8 weeks after diagnosis of the initial episode and new infections as episodes that occur more than 8 weeks after the onset of a previous episode. 7 Preventing and reducing CDI relapse rates is a critical issue in infectious disease. Identifying the most prevalent risk factors for recurrent CDI could enable health care providers to optimize available treatment options and decrease the rate of recurrent CDIs through the implementation of targeted strategies, which would decrease the economic burden of recurrent CDIs.
Currently there are no universally accepted approaches for the prevention of recurrent CDIs following the initial infection. The SHEA/IDSA and ACG guidelines recommend orally administered vancomycin hydrochloride-tapered regimens in patients with multiple recurrent infections. 2, 3 However, tapered regimens may have larger utility following an initial infection. The evidence of the use of vancomycin-tapered regimens following an initial infection is largely anecdotal, but it may play a larger role in the prevention of recurrent infections. The rationale behind a vancomycin-tapered regimen is the ability to keep C. difficile vegetative forms under control while allowing restoration of the normal flora. 2 The aim of this study is to evaluate and identify risk factors for the recurrence of C. difficile infections in patients who are readmitted to the hospital with a diagnosis of C. difficile-associated diarrhea (CDAD) and to implement strategies to decrease the number of recurrent CDIs.
METHODS

Study Design
We conducted a single-center, prospective study to decrease hospital readmissions for recurrent CDI in a community hospital. The protocol was approved by the institutional review board at Memorial Health Care System, Chattanooga, Tennessee.
Study Population
A retrospective chart review was completed for all patients admitted to Memorial Health Care System for recurrent CDI from June 2011 to June 2013 to establish baseline data and identify the most prevalent risk factors for recurrent CDI. In this chart review, an analysis was performed of prespecified patient characteristics that have been identified in clinical trials as risk factors for recurrent CDI ( Table 1) . 1, 2, 4, 5, 8, 9 In addition, an analysis of physician prescribing practices on appropriate antibiotic selection and duration was performed based on current treatment guidelines published by the SHEA/IDSA and ACG.
The results of the retrospective analysis were then used to identify high-risk patients for recurrent CDI for inclusion in the prospective aspect of the study. Patients were included if they were older than 18 years of age and had a polymerase chain reaction (PCR)-confirmed C. difficile stool sample with acute symptoms at our institution. Exclusion criteria included age younger than 18 years, initial CDI diagnosed prior to admission, non-admitted patients with an emergency department C. difficilepositive stool culture, and death while admitted to the hospital.
Study Procedures
Clinical surveillance, with utilization of Med-Mined services, was used to identify patients admitted to Memorial Health Care System with a PCR confirmed and symptomatic CDI. Upon patient identification, an antibiotic stewardship pharmacist adhered to 2 algorithms. The first was to ensure appropriate treatment was given according to disease severity as recommended in the SHEA/IDSA treatment guidelines (Figure 1) . A second algorithm was used to determine whether the patient was a candidate for a specified 6-week vancomycin-tapered regimen based on the risk factors identified in the retrospective data analysis as well as an additional risk factor that our infectious diseases physician leadership thought was important to include secondary to observed high-risk frequencies (Figure 2) . 2, 6, 8 The risk factors for recurrent CDI were used to identify patients at high risk for recurrence. It was the responsibility of the antibiotic stewardship pharmacist to utilize clinical judgment to determine the appropriateness of a vancomycin-tapered regimen. Recommendations for changes in treatment, if any, were then related to the primary physician.
In addition to assessing patient risk for recurrence, the antibiotic stewardship pharmacist performed a pharmacy benefits evaluation on patients discharged home on vancomycin to ensure affordability and attainability of medications, regardless of the regimen or formulation (10-14 days vs tapered). Prior to discharge, an antibiotic stewardship pharmacist provided vancomycin counseling, which included medication adherence, risk of recurrence, out-of-pocket costs, and prescription attainment.
Surveillance and Follow-Up
Patients were monitored by clinical surveillance with the use of MedMined services for re-admittance to Memorial Health Care System for recurrent CDI for a period of 8 weeks following the initial PCRconfirmed stool sample.
Outcome Measures
The primary objective was to decrease hospital readmissions for recurrent CDI. Recurrent CDI was defined as any episode that occurred 2 to 8 weeks after the initial positive stool sample. 7 Episodes that occurred more than 8 weeks after the initial positive stool sample were defined as a new infection. 7 The secondary objective was to improve the discharge coordination of care process by ensuring vancomycin affordability and providing patient assistance in prescription attainment.
Statistical Analysis
Statistical analysis was not performed.
RESULTS
Retrospective Data Analysis
From June 2011 to June 2013, 474 patients were admitted to Memorial Health Care System with a diagnosis of CDI and 39 were readmitted with recurrent infection (8.2%). The most prevalent risk factors identified in the patients with recurrent infection were age older than 65 years (77%), a primary diagnosis of CDI at admission (64%), immunosuppression (21%), and concomitant non-CDI antibiotic use at diagnosis (15%). Physician prescribing practices, per recommendations published in the SHEA/IDSA and ACG treatment guidelines, were appropriate.
Patients
From January 21 to May 5, 2014, 96 patients were admitted to Memorial Health Care System with a diagnosis of CDI. Thirteen patients were excluded from the study; 9 due to incomplete documentation, 2 due to an initial CDI diagnosed prior to admission, and 2 due to death. Of the remaining 83 patients, a total of 12 patients were treated with 10 or more days of metronidazole, 30 were treated with 10 or more days of vancomycin, 3 were treated with 10 or more days of metronidazole plus vancomycin, and 38 were treated with a vancomycin-tapered regimen (Figure 3) .
Efficacy
Of the 83 patients enrolled in the study, 5 patients were readmitted to Memorial Health Care System with a diagnosis of recurrent CDI (6%) in the time frame of February 4, 2014 to July 31, 2014. Two of the 5 patients were treated with a standard vancomycin regimen for 14 days and 3 were treated with a vancomycin-tapered regimen. Of the 5 patients who experienced recurrence, 4 received a pharmacy benefits evaluation. The 1 patient who did not receive a pharmacy benefits evaluation was discharged on a vancomycin-tapered regimen.
A total of 31 patients were treated with a vancomycin-tapered regimen following the diagnosis of their initial infection. Of these, 3 patients were readmitted for recurrent CDI (9.4%).
Other Outcomes
Per SHEA/IDSA guideline recommendations, 79 of the 83 patients (95%) enrolled in the study received appropriate treatment given their disease severity.
Of the 57 patients who were discharged home on oral vancomycin, pharmacists performed a pharmacy benefits evaluation on 35 (61%) prior to discharge.
DISCUSSION
In the retrospective chart review, it was noted that the most common risk factors in the patient population were age older than 65 years, a primary diagnosis of CDI at admission, immunosuppression, and concomitant non-CDI antibiotic use at diagnosis. Chronic hemodialysis was included as an additional risk factor as our infectious diseases physician leadership thought it was an important risk factor to include secondary to observed high-risk frequencies. Patients who present to the hospital with a primary diagnosis of CDI are more likely to have a more severe case. The rationale is that the symptoms were severe enough to bring the patient to the hospital. It should be noted that all patients have different propensities to go to the hospital. A primary diagnosis at admission should prompt a thorough history and subsequent work-up on the severity of the patient's infection. C. difficile produces toxins that bind to receptors in the intestine, which trigger an inflammatory response and diarrhea. Immunosuppressed patients have a diminished number of antibodies with the ability to bind toxins and thus are more susceptible to a more severe infection. In addition, these patients are more likely to experience treatment failure. Patients who are older than 65 years of age are more likely to have a diminished immune system and multiple co-morbidities, which make them more likely to receive antibiotics. This study showed that an institution may decrease the rate of recurrent CDI by using risk factors to identify patients at high risk for recurrent CDI to guide treatment decisions. Prior to this study, Memorial Health Care System's CDI recurrence rate was 8.2%. After study implementation, the recurrent CDI rate decreased to 6%.
The efficacy of the vancomycin taper can be demonstrated in the overall decrease in the rate of recurrent CDI. In the retrospective analysis, which was used to identify the historical recurrent CDI rate, 6% of the patients received a vancomycin taper following their initial infection. In the prospective analysis, approximately 37% of the patients were treated with a vancomycin taper following their initial infection. The taper recommended by our antibiotic stewardship pharmacist was adapted from a regimen used by an in-house infectious diseases physician. This regimen was chosen secondary to anecdotal success and to provide consistency. Tapered regimens initiated independent of pharmacy recommendations varied according to the regimen preferred by the prescribing physician.
In this study, it was the responsibility of the antibiotic stewardship pharmacist to utilize the risk factors identified in the retrospective analysis in conjunction with clinical judgment to determine the appropriateness of a vancomycin-tapered regimen. It should be noted that the inclusion of a single risk factor did not automatically establish a patient as a potential candidate for a taper.
Although this study was not designed to assess medication compliance, we were able to improve the discharge coordination of care process by ensuring outpatient vancomycin affordability and providing patient assistance in prescription attainment. Previously, these processes were not being performed at Memorial Health Care System. Although medication adherence was not assessed in this study, we believe that these processes increased patient medication compliance, which in turn may have assisted with decreasing hospital readmissions due to recurrent CDI. When prescribing a medication that is taken 4 times a day that gradually tapers over multiple weeks, it is imperative to provide patient education and assistance to ensure compliance. Costs and compliance are limiting factors of vancomycin-tapered regimens, but this obstacle can be overcome with similar methods to those described in the current study.
Fidaxomicin, a macrolide antibiotic approved for the treatment of CDI, has been shown to decrease the rate of recurrence when compared to a standard 10-day course of vancomycin. 10, 11 Fidaxomicin demonstrated a decreased rate of recurrent infection at 25 days, but the decreased rate was not seen in patients infected with the more virulent BI/NAP1/027 strain, which has shown to be a predictor of more severe disease, treatment failure, and recurrent disease. 6, 10, 12 In clinical studies, the rates of clinical cure with fidaxomicin were nearly identical to that of vancomycin. The benefit of fidaxomicin versus vancomycin for the treatment of an initial infection is largely predicated on the patient's risk for recurrent infection and the strain of infection. The high cost of fidaxomicin may limit its role in treatment to patients with exceptional insurance or those capable of handling its financial burden. Vancomycintapered regimens may provide a cost-effective method for preventing recurrent CDIs. Additional studies comparing fidaxomicin and vancomycin-tapered regimens could provide a clearer insight on the most efficient means for preventing recurrent CDIs.
Memorial Health Care System's historical BI/ NAP1/027 strain prevalence is approximately 11%. The observed BI/NAP1/027 rate in the prospective analysis was 10.8%. In the retrospective analysis, the BI/NAP1/027 strain was observed in 5 of 32 patients who were readmitted with recurrent CDI (15.6%). In the prospective analysis, the BI/NAP1/027 strain was observed in 3 of the 5 patients who experienced recurrent CDI (60%). Of the 3 patients infected with the BI/NAP1/027 strain and who experienced recurrence, 2 were treated with a vancomycin-tapered regimen following their initial diagnosis.
At Memorial Health Care System, the lab performs 1-step PCR only on loose stool samples following a prescriber's order. Stool samples are analyzed with PCR technology by utilizing the GeneXpert by Cepheid, which provides C. difficile toxin results in approximately 30 minutes with 93.5% sensitivity and 94% specificity.
The current study has limitations. The study was underpowered to detect a significant difference between treatments. At Memorial Health Care System, a group of clinical pharmacists serve on an antibiotic stewardship team and alternate throughout the week. For a large portion of the study, the antibiotic stewardship pharmacist was responsible for performing each patient's chart review; therefore the quality of protocol adherence could be variable. In addition, Memorial Health Care System is located in close proximity to 2 different hospitals that provide care to patients in this region. There is a possibility of losing patients to follow-up at neighboring hospitals. Because we only evaluated recurrent CDI that required hospitalization, patients may have sought treatment in the outpatient setting under their primary care physician. However, patients lost to follow-up must be considered in both the retrospective and prospective analysis.
Vancomycin-tapered regimens are commonly used for the treatment of recurrent CDIs that are unresponsive to standard treatment options. Their use for the prevention of recurrent CDI following an initial infection is a novel approach, which may provide utility in controlling medical costs associated with recurrent CDI. FMT is a last-line approach for the treatment of multiple recurrent CDIs, with cited cure rates of up to 90%. 13 Although highly effective, successful FMT possesses many difficult challenges, which may make practitioners hesitant to pursue this treatment option. FMT challenges include obtaining a suitable donor, lab screening, cost, and multiple logistical obstacles. 13 More effective therapeutic strategies for primary CDIs are needed to help alleviate the need for more invasive strategies such as FMT for patients with recurrent disease. Treatment strategies capable of preventing this stage of infection provide a valuable resource to practitioners.
Currently, there is a lack of literature defining a standard vancomycin-tapered regimen and its efficacy in the prevention of recurrent CDIs. The use of vancomycin-tapered regimens for the prevention of recurrent CDI is largely centered on anecdotal evidence by individual practitioners. Similarly, many of the regimens that are used were developed from practitioner experience and lack clinical evidence of their efficacy. Future studies with the use of vancomycintapered regimens for the prevention of recurrent CDI in patients at high risk will be necessary to further validate its role in this setting and to define a standard tapered regimen. The efficacy of a vancomycintapered regimen could be more accurately described if this study were to be duplicated in the outpatient setting. This would allow the opportunity to analyze the overall recurrence rate.
